The monoamine metabolites 5-hydroxyindoleacetic acid (5-HIAA), homovanillic acid (HVA), vanillylmandelic acid (VMA), and 4-hydroxy-3-methoxyphenylglycol (HMPG) were analysed in CSF from different regions of the CSF system to study the caudocranial concentration gradient of the metabolites. Four consecutive 10 ml fractions of CSF were withdrawn in 17 patients during the course of four minutes. The CSF pressure was monitored through a lumbar cannula because of suspected adult hydrocephalus. A pronounced gradient of the HVA concentration was found with a ratio between the last and the first fraction of 1, 7. 5-HIAA showed a slight increase while HMPG and VMA showed no increase at higher levels of the CSF system. The results suggest that lumbar HVA reflects dopaminergic activity in the brain, whereas lumbar 5-HIAA and HMPG/ VMA reflect the activity of 5-hydroxytryptamine and noradrenaline secreting neurones in both the brain and the spinal cord.
Estimates of the activity in central monoaminergic neurones obtained by analysis of metabolites of transmitter substances in the cerebrospinal fluid (CSF) have been found useful for the study of several neuropsychiatric diseases -for example, Parkinsonism, Huntington's chorea, and manic-depressive psychosis (Johansson and Roos, 1967; Aquilonius and Sjostrom, 1971; Sjostrom and Roos, 1972) . In these investigations, CSF was usually obtained by lumbar puncture. There is a question, however, whether the lumbar concentrations of the monoamine metabolites reflect the neuronal activity in the brain, the spinal cord or both (Bulat and Zivkovic, 1971; Sourkes, 1973; Weir et al., 1973 Further studies on the nature of this proposed caudocranial gradient of the concentrations of the amine metabolites seemed desirable. An opportunity for such a study is offered in patients with a suspected adult hydrocephalus where relatively large quantities of CSF are withdrawn for the purpose of lowering the intracranial pressure.
In the present investigation CSF from different levels in the spinocisternal system was analysed for its concentration of 5-HIAA, HVA, and two metabolites of noradrenaline (NA), 4-hydroxy-3-methoxyphenylglycol (HMPG) and vanillylmandelic acid (VMA).
Seventeen patients in a neurological ward participated in the investigation (11 male, seven female; age: 29-72 years). Their clinical state raised the possibility of an adult hydrocephalus. In 10 of the patients the CSF pressure was found to be above the normal level of 1.6 kPa. The pressure was recorded through a lumbar cannula with the patient in a supine position for a minimum of 30 minutes. Afterwards the patient was raised to a sitting position and 40 ml CSF were withdrawn in 10 ml portions (fraction 1=0-10, 11=10-20, II= 20-30, IV= 30-40 ml) within four minutes.
5-HIAA was analysed according to Sharman (1960) from nine patients. HVA and HMPG were determined from eight patients with mass fragmentographic techniques (Sjoquist et al., 1973 and VMA in four of these (Sjoquist, 1975 Siegel, 1956 ).
RESULTS
The results in the Table and the Figure show an apparently linear increase of HVA from fraction I to IV. The mean ratio between fraction IV and fraction I was 1,7 (range 1,2-2,4). The increase in 5-HIAA was less pronounced (mean ratio fraction IV to I: 1,2). The HMPG concentration did not increase. A statistical analysis was not made on the VMA data because of the low number of observations. However, the data did not indicate a caudocranial gradient in the concentration of VMA. The VMA concentration was about 8% of that of HMPG. There was no correlation between the intracranial pressure and the ratio: fraction IV/I.
DISCUSSION
The total volume of CSF in humans has been estimated at 140 ml (Last and Tompsett, 1953) with about 30 ml in the spinal subarachnoid space (Weston, 1916) . The ventricular volume has been estimated at 22 ml (range 7-57) (Last and Tompsett, 1953) . This indicates that in the present investigation the first three fractions of CSF were taken from the spinal subarachnoid space, while the last fraction was of cisternal RolfSjdstr6m, Jan Ekstedt, and Erik Anggdrd origin or from the subarachnoid space surrounding the brain, probably with minimal contribution from the ventricles. There are virtually no dopaminergic (DA) neurones in the spinal cord (Fuxe et al., 1969) . Therefore the HVA in the low region (fraction I) probably originates from the brain, mainly the basal ganglia. The caudocranial gradient of the HVA concentration shown in this investigation confirms earlier reports. It is probably established through bulk flow and active transport of the acid out of CSF during the flow from the ventricles to the lumbar region. Therefore determinations of lumbar HVA concentrations give an attenuated but representative impression of dopaminergic activity in the brain and drug induced changes in the activity in the brain DA neurones should be detectable in lumbar CSF, provided that the method for determination of HVA has satisfactory sensitivity and precision. Changes in HVA concentration may be amplified by the probenecid technique (Sjostrom and Roos, 1972) . Probenecid inhibits the active transport of HVA out of CSF (Guldberg et al., 1966) and thus increases the concentration in lumbar CSF and decreases the ratio of ventricular to cisternal HVA (Guldberg et al., 1966) .
In contrast with HVA, only a small gradient was observed in 5-HIAA and none in HMPG-VMA levels at higher regions in the CSF system. This is in contrast with earlier reports of a steep gradient of 5-HIAA between lumbar and ventricular CSF (Guldberg et al., 1966; Moir et al., 1970) . A partial explanation of this difference is that ventricular CSF was probably not included in our fraction. Our results demonstrate the likelihood of a relatively pronounced contribution of 5-HIAA and HMPG-VMA from the spinal cord. This is in line with previous work demonstrating both 5-HT and NA neurones in the spinal cord (Fuxe et al., 1969) . 
